Using real-time reverse-transcription polymerase chain reaction (real-time RT-PCR) and in situ hybridization, we investigated the temporal and spatial expression of LEAFY (LFY) and TERMINAL FLOWER 1 (TFL1) homologs in Japanese pear (Pyrus pyrifolia) and quince (Cydonia oblonga) buds, in order to elucidate their roles in the flower and inflorescence development of fruit trees in the subfamily Maloideae (Rosaceae). Japanese pear and quince were selected because they are very close phylogenetically but develop distinct inflorescence architectures. Floral differentiation in Japanese pear began in late June to early July in Osaka, Japan, forming a raceme inflorescence with about eight flowers, whereas that in quince took place from late October to November in Nagano, Japan, forming a solitary flower in each floral bud. LFY homolog expression levels in both species increased at the floral differentiation stage and remained at relatively high levels in flower meristems after the flower organ differentiation stage. In contrast, TFL1 homolog expression levels in both species were high in vegetative-stage buds, but decreased significantly just before floral differentiation. Japanese pear TFL1 homologs were expressed in the subepidermal layer of the apical meristem before floral differentiation, whereas those of quince were expressed in the epidermal layer of the apical meristem and leaf primordia. We discuss the possible involvement of maloid LFY and TFL1 homologs in triggering floral differentiation, as well as the involvement of the different spatial expression patterns of TFL1 homologs in the inflorescence architectures of Japanese pear and quince.
Introduction
The flowering and inflorescence architectures of fruit trees greatly affect their breeding and production efficiencies. For example, juvenility length influences the fruit tree breeding strategy and efficiency. Since a heavy fruit load in an inflorescence and/or a tree adversely affects productivity and fruit quality, commercial producers usually thin flowers and fruits, a laborious task. Thus, the ability to control and modify flowering and inflorescence architecture by understanding the molecular mechanisms underlying flowering and inflorescence development would improve breeding efficiency and productivity.
The subfamily Maloideae (Rosaceae) contains many fruit tree species, including apples, pears, quinces, and loquats, which show great diversity in phenological and morphological characteristics (Phipps et al., 1990; Robertson et al., 1992; Rohrer et al., 1991 Rohrer et al., , 1994 . The origin and diversification of the Maloideae have intrigued botanists, geneticists, and horticulturalists (Campbell et al., 1995; Evans and Campbell, 2002; Phipps et al., 1991; Robertson et al., 1991) . Because of the wide variation in the floral morphologies of maloid fruit trees, we compared maloid fruit trees with different floral morphologies to investigate the molecular mechanisms underlying differences in flowering and inflorescence development.
The molecular mechanisms of flowering have been studied extensively in model herbaceous plants, including Arabidopsis thaliana (L.) Heynh. and Antirrhinum majus L. Numerous flowering-related genes have been isolated from these species, and several models for the genetic pathways of floral induction and differentiation have been proposed (Araki, 2001; Blázquez et al., 2006; Jack, 2004; Parcy, 2005) . LEAFY (LFY) and TERMINAL FLOWER 1 (TFL1) are two 295 Arabidopsis flowering-related genes that play important roles in flowering and inflorescence development. LFY encodes a transcription regulator that plays a primary role in floral induction and flower meristem identity determination (Blázquez et al., 1997; Weigel et al., 1992) . The constitutive expression of LFY is sufficient to promote floral induction in Arabidopsis. Furthermore, a change in the inflorescence architecture from indeterminate to determinate has been observed in a transgenic Arabidopsis line that constitutively expresses LFY (Weigel and Nilsson, 1995) . LFY is also a direct activator of floral homeotic genes, such as APETALA 1 (AP1), CAULIFLOWER (CAL), and AGAMOUS (AG) (Busch et al., 1999; Parcy et al., 1998 Parcy et al., , 2002 Wagner et al., 1999; William et al., 2004) .
TFL1 encodes a protein similar to phosphatidylethanolamine-binding proteins (PEBPs) and Raf kinase inhibitor protein (RKIP), which can bind to membrane protein complexes and may be involved in a signaling process (Yeung et al., 1999) . In Arabidopsis, TFL1 is important in regulating plant growth through the maintenance of shoot apex indeterminacy (Bradley et al., 1997; Ohshima et al., 1997; Shannon and MeeksWagner, 1991) . In the shoot apex center, TFL1 prevents the expression of flower meristem identity genes, such as LFY and AP1, and maintains the indeterminacy of the inflorescence meristem. On the shoot periphery, flower meristem identity genes prevent the transcription of TFL1, allowing the formation of flower meristems. Ratcliffe et al. (1999) and Liljegren et al. (1999) proposed that the mutual inhibition of TFL1 and flower meristem identity genes ensures the separation of shoot and flower meristem identity in Arabidopsis.
Information from model plants has led to studies on the molecular mechanisms of fruit tree flowering. Several flowering-related genes, including LFY, TFL1, and AP1 homologs, have been isolated from grapevine (Vitis vinifera L.), citrus (Citrus sinensis Osbeck), kiwifruit (Actinidia deliciosa C. F. Liang & A. R. Ferguson), and apple (Malus domestica Borkh.) (Boss et al., 2001 (Boss et al., , 2006 Calonje et al., 2004; Carmona et al., 2002; Jeong et al., 1999; Joly et al., 2004; Kotoda et al., 2000 Kotoda et al., , 2002 Kotoda and Wada, 2005; Pillitteri et al., 2004; Sung et al., 1999 Sung et al., , 2000 Wada et al., 2002; Walton et al., 2001) . We previously isolated and compared LFY and TFL1 homologs from six maloid fruit trees, including Japanese pear and quince, to elucidate the molecular basis of the differences in inflorescence architecture (Esumi et al., 2005) ; however, the derived amino acid sequences differed only slightly in their primary structures.
In this study, we investigated the temporal and spatial expression of LFY and TFL1 homologs in Japanese pear and quince buds by real-time RT-PCR and in situ hybridization to gain further insight into their roles in flowering and inflorescence development in maloid fruit species. We chose Japanese pear and quince because these species are very close phylogenetically but develop distinct inflorescence architectures, with the former forming a raceme inflorescence and the latter a solitaryflowered inflorescence. Their close relationship can be inferred from artificial intergeneric hybrids of the two, called "Pyronia" (Phipps et al., 1990; Shimura et al., 1983; Trabut, 1916) , and the use of quince as a dwarfing rootstock for pear (van der Zwet and Childers, 1982) .
Materials and Methods

Plant Materials
Adult trees of Japanese pear 'Housui' (Pyrus pyrifolia) and quince (Cydonia oblonga) grown in Osaka and Nagano, Japan, respectively, were used. For total RNA extraction, buds on Japanese pear spurs were collected periodically from May to the end of August 2003. Terminal buds on 5-to 10-cm quince shoots were collected periodically from August to the end of November in 2003. For in situ hybridization, buds of both species were collected periodically in 2004.
RNA extraction and cDNA synthesis
Total RNA was isolated from bud samples using the modified cetyltrimethylammonium bromide (CTAB) method of Kotoda et al. (2000) . The total RNA concentration was adjusted to 0.20 ± 0.04 g·L −1 using a NanoDrop ND-1000 spectrometer (NanoDrop Technologies, Wilmington, DE, USA), and further confirmed by electrophoresis on a 1% agarose gel using ethidium bromide staining. A 5-µL aliquot of the sample (1.0 ± 0.2 µg) was treated with five units of DNase I (Takara Bio, Otsu, Japan) and used for first-strand cDNA synthesis, using oligo-dT primers and ReverTraAce (Toyobo Co., Osaka, Japan) according to the manufacturer's instructions. Finally, the synthesized cDNA was dissolved in 40 µL of distilled water and stored at −20°C until use. The RNA extraction was conducted twice for each sample.
RT-PCR analysis with SYBR Green dye
The fluorescent intercalating dye SYBR Green was used as a fluorescent reporter to monitor real-time RT-PCR using an ABI PRISM 7900H (Applied Biosystems, Foster City, CA, USA). Gene-specific primers were designed using Primer Express ver. 2.0 software (Applied Biosystems) based on previously isolated cDNA sequences of maloid LFY and TFL1 homologs (Table 1 ). In our previous research, we isolated two different types of LFY and TFL1 homologs both from Japanese pear and quince (Esumi et al., 2005) . Thus, we designed the primer sets from the conserved regions of the two different LFY and TFL1 homologs, respectively to investigate the sum of the transcripts of two different homologs. As the putative intron sequence is present between primers for each gene, the amplification is supposed to be only from cDNA. Transcription of the ACTIN gene was quantified as an internal control. ACT-F1 and ACT-R1 primers were used to isolate ACTIN cDNAs of Japanese pear and quince (Ushijima et al., 2003) . Two ACTIN-specific primers, ACT-F3 and ACT-R3, were designed for real-time RT-PCR analysis (Table 1) .
For real-time RT-PCR, 1 µL of cDNA solution, which contained cDNA equivalent to the amount synthesized from 0.025 ± 0.005 µg total RNA, was used. The reactions were carried out in a 96-well plate, using a 25-µL reaction volume containing 12.5 µL of 2X SYBR Master Mix (Applied Biosystems), 0.2 µM each of forward and reverse primers, and 1 µL of cDNA sample. Reactions were conducted at least four times for each cDNA sample. The threshold point, giving the best PCR amplification efficiency with the slope coefficient value closest to −3.32 (−1·log2 −1 ), was estimated for each primer set. The threshold cycle value (Ct) of each sample was automatically measured by SDS ver. 2.1 software (Applied Biosystems). After the PCR reaction, dissociation curve analysis was performed to confirm that the fluorescence was only derived from the gene-specific amplification. Based on Ct values, the quantities of LFY and TFL1 homolog cDNAs in each sample were normalized using ACTIN cDNA as an internal control, and the relative expression level was calculated.
RNA probe synthesis
Japanese pear cDNAs of the LFY homolog PpLFY-2 (GenBank Accession AB162035) and the TFL1 homolog PpTFL1-1 (AB162041) were used for RNA probe synthesis. Two conserved regions of PpLFY-2 cDNA, 143-486 (343 bp) and 718-1153 (435 bp), and fulllength 651-bp PpTFL1-1 cDNA were separately fused into the pGEM-T Easy plasmid vector (Promega Co., Madison, WI, USA) and used to synthesize the probe. Antisense RNA probes were synthesized by in vitro transcription initiated from T7 or SP6 promoters on the vector using a DIG-labeling RNA synthesis kit (Roche Diagnostics, Basel, Switzerland) following the manufacturer's instructions. Since the synthesized probes were shorter than 1 kb, hydrolysis treatment to shorten the probe length was omitted, as suggested by Goto (2001) . Equal amounts of the two PpLFY-2 antisense probes were mixed and used for hybridization. Since cDNA sequences of PpLFY-1 (AB162029), PpLFY-2, CoLFY-1 (AB162031), and CoLFY-2 (AB162037) are highly conserved (Esumi et al., 2005) , the PpLFY-2 antisense probe cross-hybridized to all four of the LFY homologs. Similarly, the PpTFL1-1 antisense probe hybridized to PpTFL1-1, PpTFL1-2 (AB162047), CoTFL1-1 (AB162043), and CoTFL1-2 (AB162049).
In situ hybridization
Buds were fixed in FAA (1.8% formaldehyde, 5% acetic acid, 50% ethanol) for four hours at 4°C. Fixed samples were dehydrated using an ethanol: t-butanol series, and then embedded in Paraplast Plus (SigmaAldrich Co., St Louis, MO, USA). The embedded samples were stored at 4°C until use. The embedded tissues were sliced into 6-to 10-µm sections, and the sections were mounted on silane-coated microscope slides (Matsunami Glass Ind., Kishiwada, Japan). Paraffin was removed by washing twice with xylene, and the tissue sections were rehydrated in an ethanol series. The tissue sections were then incubated in Proteinase K solution (5 mg·L −1 Proteinase K, 50 mM EDTA, 0.1 M Tris-HCl pH 7.5) for 30 min at 37°C, washed twice with distilled water, and fixed in 4% paraformaldehyde for 10 min. After two more washes with distilled water, the fixed tissue sections were acetylated with acetic anhydride (0.25% acetic anhydride in 0.1 M triethanolamine solution) for 10 min, dehydrated in an ethanol series, and then completely vacuumdried. The probe solution (10% dextran sulfate, 50% formamide, 300 mM NaCl, 10 mM Tris-HCl, pH 8.0, 5 mM EDTA, 1×Denhardt's solution, 125 mg·L −1 tRNA, and 0.8 mg·L −1 DIG-labeled probe) was applied to the slides and covered with Parafilm (Pechiney Plastic Packaging, Inc., Neenah, WI, USA). Hybridization was performed at 48°C for 16 h. The slides were then washed with 4×SSC and incubated in RNase solution (500 mM NaCl, 10 mM Tris-HCl, 1 mM EDTA, 50 mg·L −1 RNase A) at 37°C for 30 min. After RNase treatment, the slides were washed four times with 0.5×SSC at 60°C for 30 min. Blocking solution (25% bovine serum, 100 mM maleic acid, 150 mM NaCl, and 0.5% Tween 20) was applied to the slides, which were then incubated at 30°C for 30 min. An anti-DIG alkaline phosphatase solution (0.1% anti-DIG-AP Fab fragments, 100 mM maleic acid, 150 mM NaCl) was applied, and the slides were incubated at 30°C for 60 min. The slides were washed twice with washing buffer (150 mM NaCl, 100 mM maleic acid, pH 7.0) and incubated in NBT/BCIP solution (0.35 g·L −1 NBT, 0.18 g·L −1 BCIP, 5 mM MgCl 2 , 100 mM NaCl, 100 mM Tris-HCl pH 9.0) at 30°C for at least 8 h. The slides were washed twice with distilled water and dehydrated in an ethanol series and xylene. The samples were then coated with PMMA (Matsunami Glass) for observation. The samples were observed and photographed using an Olympus BX60 microscope equipped with an Olympus DP50 camera (Olympus, Tokyo, Japan). We performed most of the in situ hybridization experiments only with antisense probes because of the limited number of samples. We therefore conducted in situ hybridization experiments with the two different gene-specific probes simultaneously because different detection patterns of the two different genes could serve as reference controls for each other.
Results
Expression levels of LFY homologs in developing buds
Both the Japanese pear and quince LFY homologs were continuously expressed throughout the sampling periods, with the amounts of transcripts fluctuating before and during floral differentiation (Fig. 1) . The timing of floral differentiation determined by microscopic observation as described in the previous study (Esumi et al., 2007) , is shown in Figure 1 .
In Japanese pear, the transcript level began to increase as floral differentiation commenced with doming of the apical meristem, which was observed most frequently on 27 June. By 14 July, when all of the flower meristems were initiated, the transcript levels reached five to eight times the level observed just prior to flower meristem differentiation in June. The transcript level decreased in mid-July, when flower organ differentiation commenced, and then increased again during the flower organ developmental stage in August (Fig. 1A) .
In quince, the apical meristems assumed a dome-like structure, and floral differentiation began in late October to early November. In contrast to Japanese pear, the amount of quince LFY homolog transcripts remained low at the beginning of floral differentiation during the doming of the apical meristem; however, at the end of November, after the sepal primordia had differentiated, the transcript amounts increased as the flower organs developed (Fig. 1B) . The increase in the transcript level during the floral differentiation stage in Japanese pear was greater than that in quince.
Expression levels of TFL1 homologs in developing buds
The expression levels of TFL1 homologs changed drastically during the observation period (Fig. 2) . In Japanese pear and quince buds, the amount of TFL1 homolog transcript decreased considerably before floral differentiation began with apical meristem doming. In Japanese pear, TFL1 homolog transcripts decreased about 1/100-fold from early June to late June, before floral differentiation ( Fig. 2A) . In quince, the transcripts decreased from September to October (Fig. 2B) . The timing of the reduction in the transcript level to the minimum coincided with the apical meristem doming period in both Japanese pear and quince.
Expression of LFY homologs in developing buds
detected by in situ hybridization In Japanese pear, LFY homolog hybridization signals were detected in scale and/or leaf primordia and the apical meristem in late May and mid-June, prior to floral differentiation (Fig. 3A, B) . The apical meristem changed into a dome-like structure at the beginning of floral differentiation in late June, and the signal was continuously observed in the domed meristem and the leaf and/or bract primordia (Fig. 3C) . The signal was stronger in newly initiated flower meristems and peripheral cell layers than in other tissues at the inflorescence development stage, a short period that occurs just after meristem doming (Fig. 3D) . During the flower organ development stage in July and August, signals were detected only in flower meristems, where flower organ development was in progress (Fig. 3E-H) . In quince, LFY homolog hybridization signals were detected in leaf primordia and apical meristems before floral differentiation (Fig. 4A-C ). Signals were continuously observed in the dome-like apical meristem in November (Fig. 4D, E ) and in the flower meristem with sepal primordia in December (Fig. 4F) .
Expression of TFL1 homologs in developing buds
detected by in situ hybridization In Japanese pear, TFL1 homolog expression was detected in the central region, just below the apical meristem, before floral differentiation. A strong hybridization signal was observed in late May (Fig. 5A) , with the signal gradually fading toward mid-June (Fig. 5B-D) . The signal was undetectable in all tissues after the apical meristem transformed into the dome-like structure in late June (Fig. 5E-J) .
In quince, TFL1 homolog expression was detected in leaf primordia and at the top of the apical meristem in June (Fig. 6A, B) . The region of expression differed from that of Japanese pear buds in the vegetative stage before floral differentiation (Fig. 5A) . In Japanese pear, TFL1 homologs were expressed in the subepidermal layer of the apical meristem, whereas in quince, the hybridization signal was observed in the epidermal layer. In September, the signal weakened but was still detectable in the apical meristem and leaf primordia (Fig. 6C, D) . The signal was barely detectable in the apical and flower meristem after October, although weak signals continued in leaf primordia (Fig. 6E-G) .
Discussion
Flowering in Japanese pear and quince
Before discussing the relationship between floral development and transcription levels of the LFY and TFL1 homologs, we describe here our terminology for floral induction and differentiation (Fig. 7) . Fruit trees, including Japanese pear and quince, spend several years after germination in the juvenile phase before entering the adult phase. Juvenility is defined as the physiological state of a seedling plant during which it cannot be induced to flower. This state is followed by the adult phase, during which flowering can occur (Westwood, 1993) .
The adult tree undergoes both vegetative and reproductive growth each year. Vegetative growth involves the production of vegetative apical meristems, which generate annual shoot growth. Reproductive growth involves floral induction and differentiation, blooming, and fruit development. Floral induction is the transition from the vegetative to reproductive stage, when the apical meristem becomes competent to make flowers. Floral induction is a conceptual term, as there is no visible morphological change in the apical meristem. Following floral induction, floral differentiation begins, with transformation of the apical meristem into a dome-like structure. Doming is the first visible change in the meristem in the reproductive growth stage. Floral differentiation involves two distinct developmental steps: flower meristem initiation and flower organ differentiation. In Japanese pear, the domed apical meristem develops as an inflorescence by initiating lateral flower meristems. Eventually, a terminal flower meristem is initiated on the inflorescence apex (Banno et al., 1986; Esumi et al., 2007) . In quince, the domed apical meristem transforms directly into a single flower meristem (Esumi et al., 2007) . After flower meristem initiation, flower organ differentiation begins in the meristem. Flower organ differentiation proceeds from the sepal primordia, which are the first to differentiate, to the inside whorls of petals, stamens, and pistils. The floral bud breaks, and flowers appear the next spring.
LFY homolog expression
The amount of LFY homolog transcripts changed more in Japanese pear than in quince after floral differentiation began with the transformation of the apical meristem into a dome-like structure. As in situ hybridization showed that LFY homologs were expressed in flower meristems (Figs. 3E-H and 4F ), we attribute this difference to the larger number of flower meristems in Japanese pear buds, which contain approximately eight flower meristems, whereas quince buds contain only one. Since the floral homeotic genes AP1, CAL, and AG are known to be directly targeted for activation by LFY in Arabidopsis (Busch et al., 1999; Parcy et al., 1998; Wagner et al., 1999; William et al., 2004) , LFY homolog Fig. 4 . Spatial expression patterns of LFY homologs in quince floral buds. LFY homolog transcripts were detected by in situ hybridization using antisense DIG-labeled RNA probes. LFY homologs were expressed before floral differentiation in the apical meristem and leaf primordia in mid-September (A), late September (B), and mid-October (C), and in the dome-like apical meristem structure and leaf primordia in midNovember (D, E). LFY homolog expression was detected in flower meristems with developed sepals in December (F). Asterisks indicate newly developed scales and/or leaf primordia. SAM, apical meristem; FM, flower meristem; Lp, leaf primordium; Sp, sepal. Bars = 200 µm. Fig. 3 . Spatial expression patterns of LFY homologs in Japanese pear floral buds. Transcripts of LFY homologs were detected by in situ hybridization using antisense DIG-labeled RNA probes. LFY homolog transcripts were detected in leaf primordia and the vegetative apical meristem in late May (A) and early June (B), and in the dome-like apical meristem structure at the beginning of floral differentiation in late June (C). LFY homologs were also expressed in newly developed flower meristems and leaf primordia in late June (D) and mainly in flower meristems at the flower organ differentiation stages in early July (E), mid-July (F), late July (G), and the end of August (E). Asterisks indicate newly developed scales and/or leaf primordia. SAM, apical meristem; FM, flower meristem; Br, bract; Sc, scale; Sp, sepal. Bars = 200 µm.
expression in Japanese pear and quince flower meristems could also be involved in the regulation of flower organ differentiation and development. The amounts of LFY homolog transcripts in several fruit tree species have been reported, and in most cases, the expression appears to be involved in flower organ differentiation and development. In citrus, transcription of the LFY homolog CsLFY increased significantly only after floral inductive treatment (Pillitteri et al., 2004) . In grapevine, expression of the LFY homolog VFL (Vitis FLO/LFY) increased dramatically at bud break in spring, when flower organ differentiation occurred (Carmona et al., 2002; Joly et al., 2004) . In apple, expression of the LFY homolog (AFL1 and AFL2, apple FLO/LFY) was barely detectable by RNA gel blot analysis, but increased during flower organ differentiation and development stages (Kotoda et al., 2000) . RT-PCR expression analysis showed that AFL2 was continuously expressed in apple buds throughout the vegetative and reproductive growth stages, whereas AFL1 began to be expressed during floral differentiation (Kotoda and Wada, 2005; Wada et al., 2002) . We observed the sum of expressions of the two LFY homologs in Japanese pear and quince that are in substantial agreement with the findings for apple (Kotoda et al., 2000; Wada et al., 2002) .
In Arabidopsis, the transcriptional activity of the LFY Fig. 6 . Spatial expression patterns of TFL1 homologs in quince floral buds. Transcripts of TFL1 homologs were detected by in situ hybridization using antisense DIG-labeled RNA probes. TFL1 homologs were expressed in the epidermal layer of the apical meristem and in leaf primordia in late June (A, B) and early September (C). The expression level decreased in late September (D) and almost disappeared by October, when the apical meristem transformed into a dome-like structure (E). Transcripts of TFL1 homologs were barely detectable in flower meristems in November (F) and December (G). Asterisks indicate newly developed scales and/or leaf primordia. SAM, apical meristem; FM, flower meristem; Lp, leaf primordium; Sp, sepal. Bars = 200 µm. promoter increased with plant growth and was enhanced by long-day conditions and the application of the phytohormone gibberellic acid. Thus, LFY expression increased gradually toward floral induction (Blázquez et al., 1997 (Blázquez et al., , 1998 Eriksson et al., 2006) . Although most of the increase in the amounts of LFY homolog transcripts was in meristems at floral differentiation, a careful look at the transition of the transcript amounts of the LFY homologs reveals that they increase prior to flower meristem differentiation in late May to early June in Japanese pear and in September in quince. Since LFY has been implicated as both a flower meristem identity gene and a flowering signal integrator that controls the timing of floral induction (Araki, 2001; Blázquez et al., 1997; Parcy, 2005) , LFY homologs in maloid fruit tree species may be involved in floral induction (Fig. 7 ).
Reduced TFL1 homolog expression level as a trigger for floral differentiation In the past, the amount of transcription of TFL1 homologs in relation to floral induction and differentiation was analyzed solely by non-quantitative or semiquantitative RT-PCR. In apple, a high concentration of MdTFL1 accumulated in buds before floral differentiation and decreased upon floral differentiation (Kotoda and Wada, 2005) . Although the expression patterns of the Japanese pear and quince TFL1 homologs in our study were similar to those of apple, our RT-PCR analysis clearly showed a remarkable reduction in the amounts of TFL1 homolog transcripts just before floral differentiation. The lowest transcript levels coincided with the commencement of floral differentiation, as recognized by the formation of the dome-like apical meristem structure. The in situ hybridization results confirmed the decrease in TFL1 homolog transcript levels before floral differentiation. This sharp decrease in transcript levels suggests that TFL1 homologs are involved in floral induction, probably functioning as floral repressors. Floral induction may be induced by an increase in the amount of LFY homolog transcripts, as discussed above, and a decrease in TFL1 homolog transcripts. If so, floral differentiation may commence when the amount of TFL1 homolog transcripts decreases to its minimum level. This idea is supported by the precocious flowering of transgenic apple in which transcription of the endogenous TFL1 homolog was suppressed (Kotoda et al., 2006) , as well as suggestions that TFL1 plays a role in controlling vegetative meristem growth and regulating flowering time (Bradley et al., 1997; Liljegren et al., 1999; Ratcliffe et al., 1998 Ratcliffe et al., , 1999 .
TFL1 and its homologs were shown to be preferentially expressed in undifferentiated meristems, as determined by in situ hybridization in Arabidopsis, Antirrhinum, tobacco (Nicotiana tabacum L.), Impatiens balsamina L., and grapevine (Amaya et al., 1999; Boss et al., 2006; Bradley et al., 1996 Bradley et al., , 1997 Joly et al., 2004; Ordidge et al., 2005) . These findings suggest that TFL1 and its homologs play roles in preventing the termination of meristem development as flower meristems differentiate. This idea is supported by the delayed flowering of transgenic Arabidopsis and tobacco due to the constitutive expression of TFL1 homologs (Amaya et al., 1999; Boss et al., 2006; Jensen et al., 2001; Kotoda and Wada, 2005; Ordidge et al., 2005; Pillitteri et al., 2004; Ratcliffe et al., 1998 Ratcliffe et al., , 1999 Zhang et al., 2005) . Thus, a significant decrease in the levels of TFL1 homolog transcripts could be a crucial indicator of floral induction in Japanese pear and quince buds. TFL1 homolog expression occurs in different regions in Japanese pear and quince vegetative buds Our study showed that TFL1 homolog transcripts were abundant in vegetative-stage apical meristems before floral differentiation in Japanese pear and quince; however, Japanese pear and quince TFL1 homologs showed different spatial expression patterns. In Japanese pear, TFL1 homologs were expressed in the subapical domain but not in the top cell layers of the apical meristem, whereas those in quince were expressed in leaf primordia and apical meristems, including epidermal cell layers. The expression region of TFL1 homologs in Japanese pear was similar to that in Arabidopsis, Antirrhinum, tobacco, Impatiens, and Lotus japonicus K. Larsen (Amaya et al., 1999; Bradley et al., 1996 Bradley et al., , 1997 Guo et al., 2006; Ordidge et al., 2005; Ratcliffe et al., 1999) . In these species, TFL1 and its homologs are expressed just below the apices of vegetative or inflorescence meristems, but not in the epidermal layers of the central region of the apical meristem. The expression region of TFL1 differed from that of LFY and floral homeotic genes in Arabidopsis (Bradley et al., 1997; . As in Arabidopsis, Japanese pear LFY homologs were expressed near the tops of the apical meristem and leaf primordia, unlike the spatial expression pattern of TFL1 homologs. Thus, Japanese pear and Arabidopsis likely have similar regulatory mechanisms for LFY and TFL1 homolog transcription; however, the expression patterns of TFL1 homologs differed in Japanese pear and Arabidopsis after the apical meristem domed. In Japanese pear inflorescence tissue, TFL1 homolog expression was undetectable by in situ hybridization, but was clearly detected in Arabidopsis inflorescence apices . In our study, tissue browning at this stage may have masked hybridization signals in Japanese pear leaf primordia and bracts, as well as inflorescence and pith tissues.
In contrast to Japanese pear, the expression region of quince TFL1 homologs in the vegetative meristem was analogous to that of the grapevine TFL1 homolog VvTFL1. Boss et al. (2006) discussed the expression pattern of VvTFL1, with special reference to sympodial development of the morphological architecture. Although we have yet to characterize in detail the wholetree architectures of Japanese pear and quince in reference to differences in TFL1 homolog expression patterns, one notable morphological difference is in the early development of inflorescences. Japanese pear shows indeterminate inflorescence development up to the apex, which is terminated by a terminal flower, whereas quince shows determinate development, with a solitary-flower inflorescence (Esumi et al., 2007) . Differences in the spatial expression patterns of TFL1 homologs in the Maloideae may control differences in their morphological inflorescence development.
